Formation of propionyl phosphate in Streptomyces erythreus synthesizing a polypropionate erythronolide ring of erythromycin was found to be catalyzed by a specific propionate kinase. The isolated and 100-fold purified kinase was devoid of activity towards acetate and other monocarboxylic acids. The selection for higher antibiotic-synthesizing ability was associated with higher kinase activity and lower Km values towards propionate. This relation did not apply to the mutants of S. noursei var. polifungini producing polyene tetraene antibiotics of the nystatin type, composed of acetate and propionate units. Instead, the antibioticsynthesizing ability was correlated with the activity of acetyl-and propionylcoenzyme A carboxylase, responsible for the formation of malonyl-and methylmalonyl-coenzyme A intermediates in the polymerization process.
Formation of propionyl phosphate in Streptomyces erythreus synthesizing a polypropionate erythronolide ring of erythromycin was found to be catalyzed by a specific propionate kinase. The isolated and 100-fold purified kinase was devoid of activity towards acetate and other monocarboxylic acids. The selection for higher antibiotic-synthesizing ability was associated with higher kinase activity and lower Km values towards propionate. This relation did not apply to the mutants of S. noursei var. polifungini producing polyene tetraene antibiotics of the nystatin type, composed of acetate and propionate units. Instead, the antibioticsynthesizing ability was correlated with the activity of acetyl-and propionylcoenzyme A carboxylase, responsible for the formation of malonyl-and methylmalonyl-coenzyme A intermediates in the polymerization process.
The basic mechanisms of polymerization of acyl units to form fatty acids and macrolide lactone rings of antibiotics are virtually the same (8, 10, 20, 21) . In this "headward" type of "head to tail" polymerization, activation of both ends of the reacting monomers is required (6) . Thus acetyl-and propionyl coenzyme A (CoA)-synthesizing systems and nonspecific carboxylase (acetyl-CoA:carbon dioxide ligase, EC 6.4.1.3) catalyzing formation of malonyland methylmalonyl-CoA could be equally regarded as the systems activating C2 and C3 acyl units in the polymerization process included in biosynthesis of macrolide antibiotics.
In Streptomyces, formation of CoA derivatives of low fatty acids is a two-step process, catalyzed sequentially by kinase (phosphotransferase adenosine triphosphate [ATP]:acetate, EC 2.7.2.1) and acetylphosphotransferase (acetylCoA:orthophosphate acetyltransferase, EC 2.3.1.8). The reaction catalyzed by the former enzyme is a limiting reaction in the formation of acetyl-and propionyl-CoA (16) .
The role of the systems responsible for activation of monomers was examined in biosynthesis of two kinds of macrolide antibiotics: erythromycin by S. erythreus and polyene tetraene antibiotics (polifungin) of the nystatin type by S. noursei var. polifungini ATCC 21581.
The macrolide ring of the former antibiotic is built exclusively from propionate units (20) , and that of the latter is built from both acetate and propionate (3 (18) . RESULTS Biosynthesis of erythromycin. The activity of kinase (phosphotransferase) in S. erythreus synthesizing a polypropionate erythronolide was compared with the analogous activity in S. aureofaciens forming tetracyclines exclusively from acetate units (2, 9) and that in S. noursei var. polifungini, producing the polyene lactone ring of tetraene antibiotics (polifungin) from acetate and propionate (3, 10) . The enzymatic activity was measured in 48-hr cultures actively producing antibiotics; in the case of S. erythreus and S. noursei var. polifungini, the results refer to the highly productive mutants.
Data given in Table 1 show that the highest kinase activity with acetate was observed in S. aureofaciens and the highe-tt activity with propionate was in S. erythreus. The activity ratio towards both substrates in S. erythreus, using propionate for antibiotic biosynthesis, was 13:1; in the other strains investigated it was near 1:1. The same 1:1 ratio was found also in S. griseus producing viomycin (unpublished data) and in Propionibacterium shermanii (1, 11) .
In Eseherichia coli, the rate of formation of acetylphosphate is about 10 times as high as that of propionylphosphate (14) .
The unusually high kinase activity with propiolate in S. erythreu proinpted us to investigate the specificity of this enzyme. As VOL. 3, 1973 on June 20, 2017 by guest http://aac.asm.org/ Downloaded from b Pellet precipitated with clupeine sulfate (0.2 mg/ml) was discarded, and that precipitated with an additional dose of clupeine sulfate (0.4 mg/ml) was used in further steps. tivity ratio with acetate and propionate remained constant (Table 4) .
It appeared also that the yield of tetraene antibiotics produced by four mutants of S. noursei var. polifungini was neither related to the activity of nonspecific acetate kinase nor to the activity of the total system synthesizing acetyl-CoA (Table 5 ). The enzymatic activities were measured in the 48-hr cultures of mutants grown on media in which lipids or carbohydrates were alternative carbon sources. The highest activity of both enzymatic systems was found in mutant 851/26, which gave only 11 and 1% of the yield produced by the highly productive mutant 213/41 on carbohydrate and lipid media, respectively.
Determination of the activity of the system catalyzing synthesis of malonyl-and methylmalonyl-CoA showed that the carboxylase ac- tivity with acetvl-CoA and propionyl-CoA was correlated with the antibiotic-synthesizing ability of the mutants investigated (Table 6 ). This correlation was observed under both nutrient conditions used. (14) .
In E. coli and P. shermnanii, acetate kinase is a nonspecific enzyme (11) : propionate is phosphorylated at about one-tenth the rate shown with acetate in E. coli and equally as rapidly as with acetate in P. shermanii (11, 15) . In S. noursei var. polifungini, the activity of the 35-fold purified enzyme was practically the same with acetate and propionate, which indicates a similar, nonspecific system. The absolute specificity of propionate kinase found in S. erythreus resembles the specificity of acetate kinase in Torultp8is (19) . Correlation between erythromycin-synthesizing ability in S. erythreus strains and the activity of propionate kinase and its affinity to propionate draws attention to the role of this enzyme as the limiting factor in polymerization of propionate to erythronolide.
It appears that this role in S. noursei var. polifungini has been taken over by carboxylase responsible for the synthesis of malonyl-and methylmalonyl-CoA. Acetyl-CoA carboxylase is a key limiting enzyme in biosynthesis of fatty acids in bacteria, plants, and mammals. The increased carboxylating activity of acetyl-CoA and propionyl-CoA in mutants of S. noursei var. potifungini is associated both with the increased ability to synthesize tetraene antibioties and with lipogenesis (A. Rafalski and K. Raczynska-Bojanowska, Acta Biochim. Pol., in pre88; J. Roszkowski et al., Acta Microbiol. Pol., in prese).
There are numerous possible ways in which acetyl-CoA and propionyl-CoA can be formed other than by ATP-requiring activation of free acetate and propionate. Similarly, malonyl-CoA and methylmalonyl-CoA may arise by other means than carboxylation of acetyl-CoA and propionyl-CoA, respectively. However, nothing is known about deacylating activity of acyl-CoA derivatives nor of the malonyl-CoA and methylmalonyl-CoA decarboxylases. This information will be decisive in evaluation of the role of the discussed enzymatic systems in the synthesis of erythromycin and nystatin-like tetraene antibiotics.
